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ABSTRACT 

The poss ib l e  sc ien t i f ic  o b j e c t i v e s  a t  t h e  Hadley- 
Apennine region are o u t l i n e d  and inc lude  t h e  Apennine Mountains, 
Hadley R i l l e ,  mare m a t e r i a l ,  Hadley C crater, volcanic  land- 
forms assoc ia t ed  w i t h  t h e  mare, and secondary crater c l u s t e r s .  
Each objective is  examined i n  t e r m s  of where i n  t he  Hadley- 
Apennine region it might be best achieved, based on d i f f e r e n t  
i n t e r p r e t a t i o n s  of t h e  o r i g i n  of these var ious  f e a t u r e s .  Five 
landing po in t s  a r e  eva lua ted  i n  terms of t h e  a b i l i t y  t o  achieve 
t h e  s c i e n t i f i c  o b j e c t i v e s  both on a rover  and a walking m i s -  
s i on .  
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MEMORANDUM FOR FILE 

I. GENERAL 

Hadley-Apennine 

The Apennine Mountains rise up to 2 km above the 
relatively young mare surface of Palus Putredinis and might 
contain material exposed during excavation of the Imbrium 
basin (Figure 1). Sampling of such Apenninian material might 
provide ancient rocks whose origin predates both the formation 
and the filling of the major mare basins. Rima Hadley is a 
V-shaped lunar sinuous rille which parallels the Apennine 
Mountain front along the eastern boundary of Mare Imbrium. 
The rille originates in an elongate depression in an area 
of associated volcanic domes and generally maintains a 
width of about 1 km and a depth of 200-300 meters until it 
merges to a second rille approximately 75 km to the north. 
The origin of sinuous rilles such as Rima Hadley is enigmatic 
but probably involves some type of fluid flow and/or collapse. 
Thus, the study of the process of sinuous rille formation 
may yield data on the history of lunar volatiles. 

11. DETAILED SCIENTIFIC OBJECTIVES OF THE HADLEY-APENNINE 
REGION 

1. Apennine Mountains 

The Apennine Mountains form part of the southeastern 
boundary of Mare Imbrium and are believed to have been formed 
at the time of origin of the Imbrium basin. The Apennines 
are analogous to the Cordillera Mountains in the fresher 
Orientale basin on the western limb of the lunar frontside. 
Study of these analogous regions in the Imbrium and Orientale 
basins suggests that the impact event ultimately responsible 
for the formation of the multi-ringed structures also resulted 
in deposition of a thick blanket of ejecta around and on the 
rim of these basins. This ejecta would mantle large areas 
around the Imbrium basin, thinning away from the basin interior, 
and overlying preexisting topography probably similar in 
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morphology t o  h ighland  reg ions  of the moon. The basinward 
sca rps  of bo th  the Apennine and C o r d i l l e r a  Mountain cha ins  
probably r e p r e s e n t  f a u l t  p lanes  a long  which i n t e r - r i n g  
b locks  subs ided  a f t e r  r e l a x a t i o n  of  t h e  i n i t i a l  compression 
assumed t o  be a s s o c i a t e d  wi th  t h e  even t  (F igure  2). The 
material  exposed on t h e  sca rps  o r  mountain f r o n t s  could 
r e p r e s e n t  a cross s e c t i o n  of  l u n a r  c r u s t  s e v e r a l  thousand 
meters t h i c k .  Seve ra l  factors, however, combine t o  reduce 
t h e  amount of a n c i e n t  c r u s t a l  material which might a c t u a l l y  
be exposed on t h e  s c a r p s .  

(1) Mare f looding ,  subsequent t o  t h e  o r i g i n  of t h e  b a s i n  
and formation of t h e  s c a r p s ,  w i l l  p rog res s ive ly  
cover the l o w e r  and probably o l d e r  p a r t s  of t h e  
exposed s e c t i o n  (see Figure  3,2 b , c ) .  Thicknesses 
of t h i s  mare f i l l  a t  t h e  base  of t h e  Apennine F ron t  
are u n c e r t a i n  b u t  t h e  200-300 m e t e r  depth of Hadley 
R i l l e  sugges ts  t h a t  this f i g u r e  i s  a minimum. 

( 2 )  A second f a c t o r  concerns t h e  ejecta thrown o u t  of 
t h e  Imbrium Basin a t  the t i m e  of i t s  o r i g i n  ( F r a  
Mauro Formation).  This  u n i t  forms a b l a n k e t  which 
mantles the p r e e x i s t i n g  a n c i e n t  c r u s t a l  material 
and decreases  i n  th i ckness  away from the  b a s i n  
c e n t e r .  E s t i m a t e s  of  t h e  th i ckness  of  t h i s  b l a n k e t  
are p l o t t e d  a long  w i t h  t ha t  of O r i e n t a l e  i n  F igure  4 .  
One estimates t h e  th i ckness  a t  t h e  Hadley-Apennine 
reg ion  a t  approximately 800 meters. Therefore ,  
t h e  upper %800 meters of t h e  Apennine Front  i s  
probably composed of Imbrium b a s i n  ejecta r a t h e r  
than a s e c t i o n  of i n - s i t u  pre-Imbrium c r u s t a l  
m a t e r i a l  (Figure 3). 

(3)  An a d d i t i o n a l  p o s s i b i l i t y  sugges ts  tha t  no s e c t i o n  
of i n  s i t u  pre-Imbrian c r u s t a l  m a t e r i a l  e x i s t s  
a long t h e  Front .  I n  t h i s  case, t h e  Fra Mauro 
Formation would have b lanketed  the f r o n t  area and 
would have been depos i ted  subsequent t o  t h e  formation 
of t h e  f r o n t .  Evidence f o r  t h i s  p o s s i b i l i t y  can be 
seen by looking  a t  t h e  r e l a t i v e l y  f r e s h e r  O r i e n t a l e  
Basin,  i n  which t h e  C o r d i l l e r a  Mountain s c a r p  
(analogous t o  t h e  Apennine Mountain F ron t )  appears  
t o  be draped by t h e  O r i e n t a l e  ejecta b l a n k e t  (Lunar 
O r b i t e r  I V ,  181 ,  3H, 2H) a long  many por t ions .  The 
ejecta b l a n k e t  i s  v i r t u a l l y  continuous i n  t h e  area 
between t h e  o u t e r  r i n g  ( C o r d i l l e r a  Mountains) and 
t h e  nex t  i n n e r  r i n g  (Rook Mountains). Therefore ,  an 
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ejecta b l a n k e t  underneath t h e  p r e s e n t  Imbrium mare 
s u r f a c e  and draped over t h e  Apennine Mountain F ron t ,  
cannot  b e  r u l e d  ou t .  I n  t h i s  case, t h e  i n - s i t u  
pre-Imbrian c r u s t a l  material would be  blanketed 
along t h e  mountain f r o n t  un le s s  subsequent f a u l t i n g  
exposed p o r t i o n s  of it (Figure 5 c ) .  

( 4 )  An a d d i t i o n a l  p o s s i b i l i t y ,  and perhaps t h e  m o s t  l i k e l y  
one, sugges ts  t h a t  t h e  Apennine F ron t  i s  obscured by 
a t a l u s  p i l e  c o n s i s t i n g  of mixed d e b r i s  of t h e  F ra  
Mauro Formation and pre-Imbrian c r u s t a l  mater ia l  
der ived  from t h e  s c a r p  (Figure 5b ) .  I n  t h i s  case, 
d i f f e r e n t i a t i o n  of t h e  two u n i t s  might be d i f f i c u l t  
and assignment of any material  t o  a p a r t i c u l a r  
depth o r  p o r t i o n  of t h e  c r u s t a l  s e c t i o n  on s t r a t i g r a p h i c  
grounds would be v i r t u a l l y  impossible .  

I n  summary, a number of p o s s i b l e  i n t e r p r e t a t i o n s  e x i s t  
f o r  the r e l a t i o n s h i p s  a long  t h e  Apennine F ron t ,  and each i n t e r -  
p r e t a t i o n  has  v a r i e d  r a m i f i c a t i o n s  f o r  d i f f e r e n t  p a r t s  of t h e  
Apennine a rea .  Accepting t h e  gene ra l  model of c r a t e r  ejecta 
d i s t r i b u t i o n ,  F r a  Mauro Formation depos i t ed  a t  t h e  top of t h e  
Apennine Mountains i n  t h e  Hadley reg ion  should have o r i g i n a t e d  
from deeper  w i t h i n  t h e  i n t e r i o r  than  m a t e r i a l  depos i ted  a t  t h e  
Apollo 1 4  l anding  s i te .  However, a t a l u s  p i l e  de r ived  from t h e  
complete s e c t i o n  of Fra  Mauro depos i ted  a t  t h e  f r o n t  would probably 
c o n s i s t  of a mixture  of material  from a l l  dep ths .  

Apennine Mountain Subdiv is ions  

Apennine Mountain F ron t  - t h e  reg ion  d i r e c t l y  a long  
t h e  f r o n t a l  mountain s c a r p  c o n s t i t u t e s  t h e  m o s t  l i k e l y  
area f o r  sampling in- .s i tu  pre-lmbrian c r u s t a l  materials. 

Apennine Front  Spurs - These f e a t u r e s ,  t h e  most 
prominent of which i s  l o c a t e d  nea r  t h e  o r i g i n  of  
Hadley R i l l e  j u s t  south  of landing  p o i n t  5 (Figure l), 
do n o t  achieve t h e  e l e v a t i o n  c h a r a c t e r i s t i c  of the  
Apennine F ron t  s c a r p  i t s e l f .  I f ,  i n  f a c t ,  they are 
downfaulted p o r t i o n s  of  t h e  Apennine F ron t ,  sampling 
of t h e s e  s t r u c t u r e s  may y i e l d  only F r a  Mauro Formation 
(Figure 6 ) .  

Apennine Ridge W e s t  of  R i m a  Hadley - This reg ion ,  
although p h y s i c a l l y  connected wi th  t h e  Apennine 
Mountain f r o n t ,  may have undergone a d i f f e r e n t  h i s t o r y  
than  t h e  f r o n t  area i t se l f .  F i r s t ,  s i n c e  the e l e v a t i o n  
of  t h i s  s t r u c t u r e  i s  also lower than  t h e  f r o n t ,  i t  
i s  more a p t  t o  be completely mantled by Fra Mauro 
Formation. Furthermore, t h e  areas around t h e  edge of 
t h i s  s t r u c t u r e ,  such as t h e  bench-l ike area t o  the east ,  
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may have been obscured o r  covered by m a r e  mater ia l  
be fo re  f i n a l  s e t t l i n g  of t h e  l a v a  cover. ( F o r  
example see southern  p o r t i o n  of O r i e n t a l e  c e n t r a l  
mare b a s i n  (NW quadrant  of LO I V  195-H3] for  a m a r e  
bench around probable  ejecta o r  f a l l -back .  This  
bench appears  t o  have formed as magma evacuated 
t h e  c e n t r a l  b a s i n  caus ing  s e t t l i n g  and c o l l a p s e .  ) 

2. Hadley R i l l e  

Hadley R i l l e  i s  a s inuous r i l l e  o r i g i n a t i n g  i n  t h e  
v i c i n i t y  of several e longa te  depress ions  nea r  t h e  Apennine 
Mountain f r o n t  (F igure  1). The o r i g i n  of  t h e s e  widespread 
l u n a r  f e a t u r e s  has  long  been debated and has v a r i o u s l y  been 
a t t r i b u t e d  t o  flowing w a t e r ,  nues a rden te s ,  t ec tonism,  l a v a  
channels ,  and co l l apsed  l a v a  tubes .  Whatever their  d e t a i l e d  
o r i g i n ,  they appear t o  be r e l a t e d  t o  vo lcan ic  processes  
a s s o c i a t e d  wi th  m a r e  b a s i n  f i l l i n g .  I n v e s t i g a t i o n  of  Hadley 
R i l l e  could shed l i g h t  on the  o r i g i n  of t h e s e  ubiqui tous  mare 
f e a t u r e s .  S ince  Badley has  a rather V-shaped cross s e c t i o n ,  as 
opposed t o  f l a t  f l o o r e d  r i l l e s  such as Schroe te r s  Val ley and 
R i m a e  P r i n z ,  it appears  t h a t  t h e  f l o o r  has  been f i l l e d  i n  by 
c o l l a p s e  o r  t a l u s  slump. The approximate s l o p e  of t h e  s i d e  of 
t h e  r i l l e  i s  $25' and it averages 250-325 m i n  depth.  Numerous 
outcrops  and appa ren t ly  layered  material  are seen a long  and 
j u s t  below t h e  r i l l e  r i m .  These l a y e r s  may r e p r e s e n t  l ava  
flows and i n t e r l a y e r e d  r e g o l i t h .  Numerous l a r g e  blocks have 
r o l l e d  t o  t h e  bottom of t h e  r i l l e  and s e v e r a l  l a r g e  boulder  
t r a c k s  can be seen.  Examination and sampling of t h e  r i l l e  f l o o r  
i n  t h e  area of i n t e r s e c t i o n  of t h e  s inuous r i l l e  and t h e  e longa te  
depress ion  would be extremely va luab le .  Examination of  t h e  r i l l e  
f l o o r  elsewhere along i t s  course would a l s o  be va luab le ,  if 
access i s  poss ib l e .  I f  access i s  n o t  a v a i l a b l e ,  sampling of 
t h e  r i l l e  r i m  and photography of t h e  wa l l s  would be h igh ly  
d e s i r a b l e .  Optimum photographic  s i t u a t i o n s  f o r  photography of 
t h e  oppos i t e  s i d e  of t h e  r i l l e  are <45O e i t h e r  s i d e  of t h e  down 
sun d i r e c t i o n .  With t h e  sun t o  the-as t ronaut ' s  back, photography 
of t h e  r i l l e  side on which t h e  a s t r o n a u t  i s  s t and ing  w i l l  produce 
marginal r e s u l t s  because of sun angle  and s lope .  Photography of 
e i t h e r  r i l l e  w a l l  from t h e  downsun o r  western s i d e  w i l l  r e s u l t  i n  
p i c t u r e s  wi th  l o w  image b r i g h t n e s s  and h igh  g l a r e  ( H .  W. Radin, 
pe r sona l  communication). 

3. Mare Material 

The major p o r t i o n  of  t h e  f l a t  t e r r a i n  between Hadley 
R i l l e  and t h e  Apennine ridges c o n s i s t s  of m a r e  mater ia l  forming 
an embayment i n t o  t h i s  area from Palus  P u t r e d i n i s  t o  t h e  w e s t .  
This  u n i t  has  been mapped as Imbrian i n  age. Using t h e  method 
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devised  by Soderblom, t h e  Hadley area mare material  appears  
r e l a t i v e l y  younger than both  Apollo 11 and 1 2  si tes (Figure  7 ) .  
Examination of h igh  r e s o l u t i o n  photographs reveals a l a r g e  
number of blocky craters i n  t h e  100-250 m range,  p a r t i c u l a r l y  
i n  t h e  no r the rn  p a r t  of  t h e  area, which should make sampling 
of t h i s  u n i t  very easy.  

4 .  Hadley C C r a t e r  

The o r i g i n  of Hadley C Crater has  been a m a t t e r  of  
cont roversy  f o r  some t i m e .  I ts  lack  of d i s t i n c t i v e  and wide- 
spread  r ay  and secondary crater p a t t e r n s ,  combined wi th  i t s  
a s s o c i a t i o n  with t h e  m a r e  m a t e r i a l ,  s inuous r i l l e ,  and apparent  
c o n s t r u c t i o n a l  vo lcan ic  f e a t u r e s ,  has  led t o  t h e  sugges t ion  
t h a t  t h e  crater might be  of vo lcan ic  o r i g i n ,  poss ib ly  a maar. 
An a l t e r n a t e  exp lana t ion  sugges ts  t h a t  t h e  crater i s  of  impact 
o r i g i n  and Era tos then ian  age, i t s  r ay  p a t t e r n  having been 
eroded and subdued, Ejecta from Hadley C covers  t h e  Imbrium 
m a r e  m a t e r i a l  and p a r t s  of t h e  r i l l e ,  sugges t ing  t h a t  whatever 
i t s  o r i g i n ,  it i s  younger than  Imbrium. S ince  Hadley C i s  
approximately 5.5 km i n  diameter ,  an impact o r i g i n  would imply 
t h a t  a cons ide rab le  s e c t i o n  of mare mater ia l  w a s  excavated.  
Sampling r a d i a l l y  a long t h e  ejecta b l a n k e t  could provide a 
spectrum of samples i n d i c a t i n g  t h e  ages and composi t ional  
changes c h a r a c t e r i s t i c  of m a r e  f i l l i n g .  A vo lcan ic  o r i g i n  
f o r  Hadley C ,  p a r t i c u l a r l y  as a maar, would sugges t  t h e  
P o s s i b i l i t y  of samples o r i g i n a t i n g  i.n deeper  regionq of t h e  
lunar i n t e r i o r .  

5. Volcanic Landforms Associated w i t h  t h e  Mare - 

a s s o c i a t e d  s t r u c t u r e s  e x i s t  i n  va r ious  p l a c e s  between t h e  
Apennine Front  and Apennine Ridge t o  t h e  w e s t  of R i m a  Hadley. 
Most of these f e a t u r e s  appear t o  be superimposed on t h e  m a r e  
material  and t h e i r  morphology sugges ts  t h a t  they  are c o n s t r u c t i o n a l  
vo lcan ic  landforms. I n  p a r t i c u l a r ,  t h e s e  s t r u c t u r e s  abound 
around t h e  o r i g i n  of R i m a  Hadley nea r  t h e  e longa te  depress ion  
and are a l so  found along t h e  Apennine F ron t  and on t h e  n o r t h e a s t  
bank of R i m a  Hadley where it t u r n s  northwest  toward R i m a e  F re sne l .  
I n v e s t i g a t i o n  of t h i s  spectrum of landforms may provide impor tan t  
geochemical and age data on la te  stages of m a r e  b a s i n  f i l l .  

A wide spectrum of domes, domical h i l l s ,  and 

6.  Secondary Crater C l u s t e r s  

Secondary crater c l u s t e r s  from t h e  Copernican age 
craters Autolycus and A r i s t i l l u s ,  l o c a t e d  approximately 150 - 
300 km t o  t h e  no r th ,  are widespread i n  t h i s  reg ion .  Examination 
o f  a c l u s t e r  l a r g e  enough t o  y i e l d  rocks from t h e s e  craters 
could provide informat ion  about t h e  a b s o l u t e  age of t h e s e  Copernican 
even t s ,  as w e l l  as samples from another  p a r t  of t h e  Imbrium Basin. 
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111. Poss ib l e  Landing Sites and Thei r  Rela t ion  t o  S c i e n t i f i c  
Ob i e c t i v e s  

The l o c a t i o n  of s e v e r a l  p o s s i b l e  landing  sites i s  
shown i n  Figure 1 and the r e l a t i o n s h i p s  of these t o  t h e  access i -  
b i l i t y  of var ious  s c i e n t i f i c  o b j e c t i v e s  on both r i d i n g  and 
walking missions i s  summarized i n  Figure 8. For  r i d i n g  
missions a maximum rad ius  of ope ra t ions  of 9 .5  km w a s  accepted 
based on a Por t ab le  L i f e  Support  System (PLSS) f a i l u r e .  For 
walking missions,  a maximum rad ius  of ope ra t ions  of 3 .1  was 
accepted based on t h e  Buddy Secondary L i f e  Support  System (BSLSS) 
walkback l i m i t .  

Landing Po in t  1 - 

access t o  the  wides t  v a r i e t y  of major o b j e c t i v e s  of a l l  the  
po in t s  considered. A s h o r t  EVA could be devoted t o  any of  t h e  
fou r  major o b j e c t i v e s  j u s t  t o  t h e  south of t h e  landing p o i n t  
(Apennine Front  m a t e r i a l ,  R i m a  Hadley, m a r e  m a t e r i a l ,  and a 
secondary c r a t e r  c l u s t e r ) .  A second longer  EVA could be 
devoted t o  the Apennine Front  i t s e l f  and a t h i r d  EVA t o  the  
r i l l e  and volcanic  complex s e v e r a l  k i lome te r s  t o  t h e  northwest.  
Although access  t o  the  r i l l e  may n o t  be p o s s i b l e  a t  t h i s  p o i n t ,  
a bend i n  t h e  r i l l e  near  t h e  landing p o i n t  provides  an 
e x c e l l e n t  oppor tuni ty  f o r  observa t iona l  and photographic  s t u d i e s .  
I n  add i t ion ,  two c r a t e r s  occur  i n  and along t h e  edge of the 
r i l l e  and one of these may provide access  t o  p a r t s  of t h e  r i l le  
w a l l s .  A crater approximately 2 k m  i n  diameter may have 
excavated blocks of Apennine Front  material which should be 
accessible t o  the  a s t ronau t s .  I t  appears t h a t  t h e  f e a t u r e s  of 
i n t e r e s t  a t  t h i s  s i t e ,  p a r t i c u l a r l y  t h e  Apennine Front ,  w i l l  be 
s u n l i t  (except  f o r  p a r t s  of t h e  r i l l e )  dur ing  a l l  three EVA'S. 

1 

Riding mission - T h i s  l a n d i n g  p o i n t  provides  ready 

Walking mission - A mission from t h i s  landing p o i n t  
would be able t o  reach a l l  t h e  o b j e c t i v e s  of a r i d i n g  mission, 
w i t h  t h e  except ion of access  t o  t h e  vo lcan ic  landforms t o  the  
northwest.  

Landing Po in t  2 - 
Riding mission - This landing p o i n t  provides  access 

t o  the Apennine Ridge w e s t  of Ri.ma Hadley, t o  Rima Hadley r i m  
and poss ib ly  the  w a l l  and f l o o r ,  t o  t h e  mare material and t o  
the c r a t e r  Hadley C. 
the fresh-looking sca rp  s e v e r a l  k i lometers  t o  t h e  northwest  
of t h e  landing  si te.  A s  p rev ious ly  noted,  however, the  m a t e r i a l  
composing this f e a t u r e  may have a d i f f e r e n t  o r i g i n  than t h a t  
m a t e r i a l  a v a i l a b l e  a t  t h e  Apennine Front  proper.  A second EVA 
could be  directed toward Hadley R i l l e  and t h e  c r a t e r  Hadley C 

A s i n g l e  EVA could be s p e n t  sampling 
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and would l a r g e l y  t r a v e r s e  t h e  ejecta b lanke t  of t h a t  crater. 
I t  i s  p o s s i b l e  t h a t  access  t o  t h e  f l o o r  of t h e  r i l l e  could be 
gained where t h e  ejecta from Hadley C lowers t h e  s lope  t o  
t h e  bottom of t h e  r i l l e .  However, it i s  q u i t e  poss ib l e  t h a t  
t h e  same ejecta which provides  access t o  t h e  r i l l e  could a l s o  
cover l a r g e  a r e a s  of t h e  r i l l e  f l o o r  and w a l l s .  The equivocal  
na tu re  of t h e  o b j e c t i v e s  a t  t h e  r i l l e  and t h e  Apennine r idge  
tend t o  p l ace  t h i s  landing  p o i n t  i n  a lower p r i o r i t y .  

Walking mission - A walking mission from t h i s  landing  
p o i n t  provides  access  t o  t h e  mare material and t h e  o u t e r  e j e c t a  
of Hadley C. The distances t o  the  r i l l e  r i m  and t o  the  Apennine 
r idge  appear t o  j u s t  exceed t h e  3.1 km BSLSS walkback l i m i t .  

Landing Po in t  3 - 

Riding mission - A r i d i n g  mission from t h i s  landing 
po in t  could reach t h e  Apennine Front  i n  a s i n g l e  EVA. One could 
spend cons iderable  t i m e  examining and sampling t h e  a rea .  A 
s i n g l e  EVA could a l s o  be spent  i n v e s t i g a t i n g  t h e  complex of 
v o l c s n k  3mes and p l a i n s  t o  t h e  south.  A l t e r n a t i v e l y ,  these 
two o b j e c t i v e s  could be combined i n t o  a s i n g l e  EVA i n  a south- 
e a s t e r l y  d i r e c t i o n .  A second ( o r  t h i r d )  EVA could concent ra te  
on t h e  sinuous r i l l e  r i m ,  p a r t i c u l a r l y  i n  t h e  area where 
s e v e r a l  c r a t e r s  may have excavated m a t e r i a l  from t h e  r i l l e  w a l l .  
A t r a v e r s e  t o  the  n o r t h e a s t  a long t h e  r i l l e  r i m  could poss ib ly  
g e t  t o  the  o u t e r  f r i n g e s  of t h e  Hadley C ejecta b lanket  (on 
t h e  e a s t e r n  side of t h e  r i l l e )  b u t  access  t o  t h e  r i l l e  f l o o r  
would s t i l l  l i e  s e v e r a l  k i lometers  t o  t h e  no r th .  

Walking mission - From t h i s  landing  p o i n t ,  a walking 
mission could reach t h e  r i l l e  r i m  b u t  t h e  Apennine Front  would 
l i e  j u s t  beyond t h e  3 . 1  km BSLSS walkback l i m i t .  

Landing Po in t  4 - 
Riding mission - A r i d i n g  mission f o r  t h i s  landing 

po in t  could provide access  t o  t h e  r i l l e  r i m ,  t h e  e longate  
depression a s soc ia t ed  with t h e  r i l l e  o r i g i n ,  t h e  Apennine 
r idge  w e s t  of Hadley, mare material and a s soc ia t ed  volcanic  
landforms, and a p o s s i b l e  secondary c r a t e r  c l u s t e r .  A s i n g l e  
EVA could be devoted t o  t h e  exp lo ra t ion  and sampling of 
material from t h e  Apennine Ridge t o  t h e  w e s t .  A second EVA 
might concent ra te  on e n t e r i n g  t h e  e longate  depression t o  t h e  
southwest of t h e  landing  si te,  while  a t h i r d  EVA might be 
spen t  along t h e  r i l l e  r i m  and i n  t h e  c o n s t r u c t i o n a l  vo lcan ic  
domes and h i l l s  t o  t h e  east  and sou theas t  of t h e  s i te .  The 
Apennine Ridge m a t e r i a l  i s  equivocal  i n  i t s  o r i g i n ,  a s  prev ious ly  
mentioned, b u t  i t s  proximity should allow s u f f i c i e n t  t i m e  f o r  
d e t a i l e d  i n v e s t i g a t i o n .  
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Walking mission - A walking miss ion  from t h i s  
landing  p o i n t  would probably r e s u l t  i n  loss of  access t o  t h e  
Apennine Ridge b u t  one could reach t h e  r i l l e  r i m  and some of  
the c o n s t r u c t i o n a l  vo lcan ic  u n i t s .  

Landing P o i n t  5 - 
Riding mission - A r i d i n g  mission f r o m  this l and ing  

p o i n t  provides  access t o  an Apennine F ron t  s p u r ,  t o  t h e  r i l l e  
r i m  and p o s s i b l e  blocks of w a l l  material, and t o  m a r e  mater ia l  
and associated vo lcan ic  landforms. The Apennine Front  proper  
i s  approximately 1 0  km due east  of the  l and ing  area. The 
Apennine F ron t  spur  may provide access only  t o  the F r a  Mauro 
Formation (F igure  6 ) .  A s i n g l e  EVA could be s p e n t  a long t h e  
r i l l e  and i n  t h e  v o l c a n i c  domes t o  the  n o r t h e a s t  and northwest  
of the landing  reg ion .  A second o r  t h i r d  EVA m i g h t  combine 
e x p l o r a t i o n  of the Apennine Front  s p u r  w i t h  examination and 
sampling of t h e  r i l l e  and vo lcan ic  forms t o  t h e  southwest 
of the  s i te .  

Walking mission - A walking mission from this landing  
p o i n t  would have access on s e p a r a t e  EVA'S t o  the r i l l e  r i m ,  
t h e  Apennine F ron t  spu r ,  and t o  a m a r e  dome s t r u c t u r e .  Probably 
Only t w o  r>f t h e s e  three f e a t u r e s  could be v i s i t e d .  

IV. Conclusions 

Based on t h e  d e t a i l e d  s c i e n t i f i c  o b j e c t i v e s  i n  t h e  
Hadley-Apennine reg ion  and t h e  broad o p e r a t i o n a l  c o n s t r a i n t s ,  
Landing P o i n t  1, followed by Landing Po in t  5 ,  appear t o  o f f e r  
t h e  best chance of -ach iev ing  t h e  s c i e n t i f i c  goa l s  of a LRV 
mission t o  t h i s  region.  I n  a d d i t i o n ,  t h e  s c i e n t i f i c  objectives 
a t  Landing Po in t  1, and t o  a lesser e x t e n t  a t  Landing Po in t  5 ,  
are so  arranged t h a t  a walking mission would s t i l l  main ta in  
an adequate chance of  achiev ing  the  major s c i e n t i f i c  objectives 
of t h e  mission. Although Landing Po in t s  3 and 4 o f f e r  adequate 
LRV t r a v e r s e s ,  each i s  degraded s i g n i f i c a n t l y  s c i e n t i f i c a l l y  
if a walking mission i s  undertaken. 

2 0 15- JWH-dma 

Attachments 
F igures  1-8 
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FIGURE 8 SCIENTIFIC OBJECTIVES AND SITES-HADLEY/APENNINE REGION 
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